Increased hydrocarbon exploration along rifted continental margins indicates the need of a better understanding of the impact and influence of igneous rocks on hydrocarbon systems as they are often present in these tectonic settings. The southern Australian margin contains several petroliferous sedimentary basins which contain Cretaceous-Cenozoic igneous rocks and is therefore an ideal study area to investigate both the positive and negative effects on hydrocarbon systems. In particular, the Kipper Field in the offshore Gippsland Basin forms an excellent example of a volcanic play, as it holds a 328 m gas column and 14 m oil leg sealed by a >100 m thick basaltic lava flow juxtaposed against a sealing fault. The basin also contains a number of cross-cutting and layer-parallel type intrusions, although their impact on the petroleum system is as-yet unclear. Seismic interpretation techniques such as spectral decomposition and opacity rendering combined with electrical log signatures allowed us to identify the lava flow and intrusions down dip from the fault. Whether this fault has acted as a conduit for the magma responsible for the lava flow is still unclear. Future work will aim to further delineate and constrain flow paths of the intrusive and extrusive rocks near the Kipper Field and their influence on the Kipper play. This study highlights the importance of volcanic rocks in hydrocarbon basins and the possible effect they can have on hydrocarbon systems.
INTRODUCTION
The global hydrocarbon industry is increasingly focused on high-risk exploration of basins at continental margins. The presence of igneous rocks in such basins represents a key uncertainty that must be quantified due to the detrimental effects that magmatic activity poses to source and reservoir rock quality and the possibility for increased maturation, trap formation and compartmentalisation (e.g. Holford et al. (2012) ; Meeuws et al. (2016) ). To date our understanding of magmatic processes in sedimentary basins has generally been restricted to field and geochemical studies of exhumed basins with limited exposure, though the increasing availability of 3D seismic data has provided a powerful means by which the processes that transport magma through sedimentary basins, and the impacts of these processes on petroleum systems, can be better understood.
The Australian southern margin hosts several sedimentary basins where Cretaceous-Cenozoic igneous rocks are common and where hydrocarbon plays have either been proven (e.g. Gippsland Basin, Bass Basin) or are likely to be present (Bight Basin). The Gippsland Basin for example, is located both on and offshore Victoria and hosts several examples of hydrocarbon systems where igneous rocks have trapped hydrocarbons. Several accumulations of gas and oil have been found beneath thick sequences of basaltic lava flows in the Kipper, Remora, Sunfish and the Manta-Basker Fields. Since the discovery of these fields, numerous studies have detailed the impact of igneous rocks on hydrocarbon plays (e.g. Schofield and Jolley (2013) , Schutter (2003) , Sruoga and Rubinstein (2007) ). However, few studies have detailed the architecture of extrusive and intrusive volcanic rocks in the Gippsland Basin.
The Kipper Field is a prime example of basaltic lava flows forming an excellent top seal for a 328 m gross gas column and 14 m oil leg. Previous work on the igneous rocks capping the Kipper Field conducted by O'Halloran and Johnstone (2001) provided a better understanding of the rift volcanics in and around the Kipper Field. Since this work, new seismic datasets have been acquired and improvements in techniques and understanding of volcanic geometries have increased our understanding of igneous rocks in hydrocarbon systems (e.g. Jackson et al. (2013) , , Schofield et al. (2012) ).
In this work, we use new seismic datasets to interpret, classify and investigate the underlying plumbing system of the lava flow. The novelty of applying techniques such as spectral decomposition and opacity rendering, allowed us to constrain the architecture of a lava flow down dip from the fault. However, it is not yet clear if this fault acted as a major conduit for the lava flow or if underlying intrusive rocks have fed the overlying lava flow.
Gippsland Basin
The Gippsland Basin forms the easternmost part of the Australian southern margin, which finds its origin during the break-up of Gondwana during the Jurassic to Early Cretaceous, and was affected by a renewed period of incomplete rifting of a branch of the Tasman Sea (~90 Ma; Figure 1 ). As a consequence, the basin shows an east-west trend and consists of a rift valley complex with a broad Central Deep, flanked by fault-bounded platforms and terraces to the north and south (Power et al. 2001) .
The Gippsland Basin is one of the most petroliferous basins in Australia and most of the hydrocarbons are either present at the top of or within the Latrobe Group (Rahmanian et al. 1990 ). The Latrobe Group sediments consist of sandstones and conglomerates of braided-stream and alluvial-fan origin at the margins of the basin and include finer grained fluvial deposits in the more basinal areas, followed by a thick lacustrine unit (Rahmanian et al. 1990) . Following a second rifting phase due to opening of the Tasman Sea, sediments became more marine in character and consist of deep offshore, through shoreface, foreshore, beach-barrier, to coastal plain and alluvial plains sediments (Rahmanian et al. 1990 ).
Tasman Sea spreading is believed to be the cause of a phase of intrusive and extrusive igneous activity in the Gippsland Basin around 80 Ma. Remnants of this magmatic activity are still present within the syn-rift sediments of the Golden Beach and Emperor Subgroups of the Latrobe Group (O'Halloran and Johnstone 2001). These igneous rocks mainly occur along the northern and southern basin-bounding fault systems, with minor occurrences near the Bream Field, the Remora-Sunfish, Whiting-Wirrah and Tuna regions (Birch 1987) (Figure 2 ). 
Kipper Field
The Kipper Field is located on the northern flank of the Gippsland Basin (Figure 2 ), approximately 40 km offshore. It holds a 320 gross gas column and 14 m oil leg which is trapped by a fault within the Golden Beach reservoir and is top sealed by several volcanic lava flows with a total thickness exceeding 100 m (O'Halloran and Johnstone 2001). Several pockets of minor oil in several upper Latrobe Group intervals and a large column of gas in the deeper Golden Beach Subgroup were discovered with the drilling of Kipper 1 (1986). A second well, Kipper 2 (1987), was drilled down dip from the structure and intersected the same gas column and constrained the oil leg.
Seismic interpretation of Kipper volcanics
Previous work in this area was conducted by O'Halloran and Johnstone (2001) who used the G99A 3D survey (January 1999), which covers the Kipper Field. These workers identified a range of intrusive and extrusive igneous rocks, and illustrated that volcanic intervals intersected in numerous wells tie to high impedance reflectors in the seismic data. These reflectors are generally concordant with stratigraphy and thicken across west to northwest trending growth faults in the basin. Additional features described by O'Halloran and Johnstone (2001) consist of a circular feature which they interpreted as an eroded scoria cone and additional smaller, less obvious amplitude anomalies which may represent cinder and spatter cones. They suggest that these scoria cones are fissure-fed and are feeding the basaltic lava flows in the area. They also identified intrusive features cross-cutting stratigraphy with a ring-like appearance which they identified as cone sheets that fed overlying eruptive centres. Further analyses is however needed to confirm these interpretations.
Occurrences of igneous rocks are confirmed by both drill cuttings/core samples and electrical logging. Typical signatures in logs consist of low gamma ray signatures, bulk density and neutron porosity. This is consistent with log signatures for extrusive lava flows, in contrast to intrusives which would show high bulk density (Nelson et al. 2009 ). Due to weathering they are quite prone to washout, visible on caliper logs and generally have a high photoelectric (PEF) log response, although this is quite sensitive to washout and mudcakes (Figure 3 ). The 3D seismic survey used for this study, G01a, was completed in July 2002 for Esso Australia and covers 4062 km² over the northern fields along the northern basin-bounding fault systems. A representative cross-section is shown in Figure 4 . Techniques such as spectral decomposition using the GeoTeric software allowed us to better constrain boundaries of the lava flows sealing the Kipper Field (Extrusives in Figure 4 , spectral decomposition image of top flow in Figure 5 ) and calculate quite a substantial surface area of more than 240 km 2, , suggesting multiple eruptions. Using the same technique, several intrusive features have been investigated and have been shown to be either cross-cutting stratigraphy (intrusive A, B and D, Figure 4 and 6) or parallel to stratigraphy (intrusive C, Figure 4 and 6). Further classifying the intrusives based on Planke et al. (2005) , indicates that intrusives A and D are saucer-shaped, intrusive B is planar transgressive and intrusive C is layer-parallel. Additional techniques such as opacity volume rendering allow identification of saucer-shaped sills that have previously been interpreted as ring-dykes by O'Halloran and Johnstone (2001) . As illustrated in other sedimentary basins around the world, intrusive rocks have the possibility to focus fluid flow due to fractures, produce methane and compartmentalise sedimentary basins as they are known to travel both vertically and horizontally over distances as large as 10 km (Meeuws et al. 2016 and references therein) . As mentioned before, this period of magmatic activity has been placed around 80 Ma, as extrusive lava flows are on top of the Golden Beach syn-rift sediments, suggesting a rift origin for the activity. Onshore equivalents are restricted to a number of small enigmatic basalts, dolerite and gabbroic dykes near Korumburra and Inverloch Green 1992, Edwards 1934) Using this data we can further investigate the igneous features associated with this rifting environment in the Gippsland Basin and create a better understanding of which structures might act as conduits for igneous material in less well imaged areas. For instance, in the Faroe-Shetland Basin and Exmouth Sub-basin, several faults have been shown to act as conduits for magma and are shown to influence the morphology and internal flow dynamics of igneous intrusions , Schofield et al. 2015 . 
CONCLUSIONS
The shift of the global hydrocarbon industry towards rifted continental margins has raised the issue of influences of igneous rocks on hydrocarbon systems. In this study we revisit the Kipper Field which is sealed by a >100 m thick lava flow juxtaposed against a fault seal. Typical log signatures show that the magmatic features are prone to washouts shown in caliper logs due to weathering, and although the response is sensitive to washouts, the magmatic rocks have a high PEF log response. Seismic interpretation tools allow for a better delineation and understanding of lava flow structures and their relationship to the surrounding intrusives and fault. Characteristic log signatures allow for the validation of seismic interpretations and are mainly characterised by low gamma ray response, low bulk density and low neutron porosity.
